I. INTRODUCTION
Total geographical area of Pakistan is 79.61 million hectares (m.ha.). Area under cultivation is 21.59 m.ha.; of which, only 5.34 m.ha. (i.e., 25 percent) is free from soil limitations and is fit for intensive agriculture [Mian and Mirza (1993) ]. The remaining agricultural lands have various types of problems including formation of slow permeability, water logging, salinity and sodicity, and wind and water erosion. Thus, on an average, three out of four hectares of cultivated land in Pakistan are in poor health. This in turn is causing temporary or permanent decline in the productive capacity of the land. Therefore, poor soil health is posing serious threat to the sustainable growth of agriculture. The most important on-farm effects of land are summarised in Table 1. The remaining paper is divided into five sections. Section II gives details regarding water logging and salinity. Section III deals with the nutrient depletion and management. Section IV reviews the causes and effects of soil compaction. Section V is devoted to soil erosion, its causes and effects. Concluding remarks and researchable areas appear in Section VI.
II. WATERLOGGING AND SALINITY
Historically, there has been very little problem of waterlogging and salinity in the Indian sub-continent during the nineteenth and early twentieth centuries under the prevailing barrage controlled irrigation systems. These systems thinly spread water over large agricultural area. Overtime, seepage from canals and field percolation from continuous irrigation have caused the ground water to rise and the salts to move upward through capillary action that resulted into soil salinity or alkalinity and waterlogging.
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Pakistan has two principal sources of irrigation that are surface water and groundwater. More than 100 million acre feet (MAF) of surface water is being diverted into the canal systems in the Indus plain. There are thus substantial losses in water in the system. Under the present conditions, the overall water use efficiency of the system is about 59 percent [Pakistan (1988) ]. The chemical quality of the surface water shows that the total dissolved salts (TDS) contents commonly fall in the range of 150 to 250 mg/litter, which is excellent for irrigation, drinking and industrial purposes [Ghossemi et al. (n.d.) ]. On the other hand, the groundwater quality varies depending on the climatic factors, nature of the surface flow, topography, extent of seepage and irrigation practices. The quality deteriorates as one goes across the plain from upstream to down stream towards the Arabian Sea and the TDS values range from 1000 mg/litter to 3000 mg/litter [Ghossemi et al. (n.d.) ]. The ground water pumpage is about 44 MAF [Mohtadullah et al. (1993) ]. Of this, about 32 MAF is used for irrigation showing water use efficiency of 73 percent. As regards the quality of ground water, about 25 percent of the tubewell water in Punjab is of marginal 37:4,999 quality and 50 percent of the water is not safe for irrigation purposes. The situation is even worse in Sindh but the quantity of underground water used for irrigation in Sindh is much less [Malik et al. (1991) ]. According to some estimates, about 7500 million tonnes (MT) of salts are present in the upper 100 meters of the groundwater reservoirs of the Indus Plain [ICID (1991) ]. About 50 MT of salts are being added to the system every year through the canal irrigation water [Qureshi (1993) ]. While 100 MT of salts are being added every year to the soil surface through tubewell irrigation [ICID (1991) ]. Unfortunately, present export of salts out of the system is about 10-15 MT every year [Qureshi (1993) ]. However, this figure is expected to rise upto 25-30 MT every year on the completion of the Left Bank Outfall Drain (LBOD) stage I project. Despite all this, the problem of salinity/ alkalinity is likely to aggravate further as the addition of salts is much more than the export of salts from the system. Table 2 shows very serious concerns regarding the present situation of salinity/sodicity in Pakistan. Total affected area with salinity is about 6.2 m.ha.; of which, 4.3 m.ha. is severely saline/saline sodic and 78 percent (3.40 m.ha.) of this area is not even being cultivated. Major portion of this uncultivated area is approximately equally distributed in Punjab and Balochistan provinces. As regards the area with high water table, it is not easy to assess. However, some of the estimates show that the area with water table at 0-5 feet depth is 2 m.ha. in the month of June, but this figure increases to 5.2 m.ha. in the month of October [Pakistan (1997) ]. Such a situation is considered disastrous for agricultural growth [Pakistan (1988) ].
According to Javed (1991) , a study conducted in Sheikhupura district, cropping and land use intensities were found about 11 percent and 62 percent less, respectively, on farms where the water table depth was 0-5 feet as compared to farms where the depth was 10 to 15 feet. The proportionate area under rice was found higher. It was lower for wheat and sugarcane on lands having water table depth of 0-5 feet as compared to other categories-5-0 feet and 10-15 feet. However, the yields of wheat, sugarcane and burseem were 2 to 4 times lower on the farms with high water table. Nadeem (1989) , considering different levels of salinity/sodicity in Sheikhupura district, provided the same type of results. Another study by i.e., Mustafa (1991) , conducted in the same district concluded that the wheat yield per acre on degraded soils, having PH and EC levels higher than 6.5 and 4.0, respectively, was half of that of the yield on non-degraded soils. Moreover, the use of inputs was found many times lower on degraded soils than that on non-degraded soils. As regards the reasons of land degradation, fifty percent of the farmers considered the scarcity of irrigation water, poor quality of the tubewell water was viewed as a source by 16 percent of the farmers and 10 percent of them blamed the lack of drainage facility. About 31 percent of the farmers mentioned no reason. The figures given for cultivated area under these soils include a small extent of uncultivated soils which are expected to be brought under cultivation in very near future due to their location within irrigation command. c The cultivated area reported under this category has relatively low discernible salinity but the soils are dense (impermeable) with severe sodicity problem.
In sum, the available empirical evidence shows that the decline in productivity because of salinisation ranges from 25 to 70 percent on moderately salt affected soils and it approaches 100 percent in areas where the problem of salinisation is severe. At the present stage of our development and in the face of explosive population growth, Pakistan economy cannot afford to see its crop yield declining with low crop germination rates and poor crop establishment in the fields. Restoration of soil health from the menaces of water logging and salinity deserves highest priority to ensure sustainable food security to the fast growing population of Pakistan.
In order to estimate the expected benefits from the improvement of degraded soils due to salinity/sodicity, economics of the use of various amendments has been determined. The experimental data used for this purpose were generated by the Department of Soil Science, University of Agriculture, Faisalabad during the period 1980-81 to 1984-85. These experiments were conducted at the farmer's fields for two soil series, i.e., Khurrianwala and Gandhara in Shahkot area of district Sheikhupura. There were four treatments: (1) T1 Control (leaching with saline-sodic ground water); (2) T2 Subsoiling (SS) (50 cm deep, 150 cm apart crosswise furrows); (3) T3 Gypsum (GYP) (@100 percent GR (Gypsum Requirement); and (4) T4 Subsoiling plus gypsum (SS+GYP). There were nine replications making a total of 36 plots each for Khurrianwala and Gandhara series. During the period of these experiments, rice-wheat rotation was practised.
The experimental data thus generated were analysed by using the partial budgeting technique recommended by CIMMYT (1988) and Chaudhry et al. (1995) . The analyses are presented in Appendices I and II, which show that the best amendment for farmer's practice is gypsum for the reclamation of salt affected soils for Khurrianwala series and gypsum + subsoiling for the Gandhara series.
III. NUTRIENT DEPLETION AND MANAGEMENT (i) Declining Soil Nutrient Status
There are different crop ecological zones in Pakistan/Punjab. In each zone, specific crop rotations are being practised. For example, in the rice-wheat cropping system, rice and wheat is the dominant crop rotation, where wheat follows the rice crop (Table 3) . Traditionally, wheat and rice were grown as single crops in rice-fallow and fallow-wheat cropping patterns. Similarly, in the cotton wheat cropping system, wheat and cotton is the dominant crop rotation. Source: Ashraf (1984-85) .
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Major proportion of the total cropped area in various crop ecological zones is occupied by exhaustive crops: For example, in the rice -wheat cropping zone about 92 percent of the total cropped area is occupied by wheat, rice and fodder (Appendix III). Pulses, which help in improving the soil fertility, occupy only one percent area of the total cropped area. Similarly, in other crop ecological zones, with the exception of Mungbean-wheat cropping system, the area occupied by the leguminous crops is very small (Appendix III).
Besides the domination of exhaustive crops, the problem of declining soil nutrient status is getting more serious with the increasing cropping intensities in various zones. Table 4 indicates that the overall cropping intensity has substantially increased over the period in various zones of the Punjab. However, declining trend has been observed during this period in rainfed area. Sources: Pakistan (1960 Pakistan ( , 1980 Pakistan ( , 1990 .
The repeated cultivation of same crops and nutrient exhaustive cropping pattern year after year in various crop ecological zones has led to degradation and depletion of land resource. Due to excessive removal and less application, there is a net negative balance of all the major nutrients even when the nutrients are applied at recommended doses of fertiliser [Zia et al. (1992) ]. In rice-wheat cropping system, the soils are also deficient in Zinc. The use of "Octa" a mixture of crop nutrients (i.e., Zinc, Boron, Manganese, Sulfur, Magnesium and Copper), for increasing the availability of micro nutrients has improved the paddy yield [Ashraf (1984-85) ]. Unless adequate amounts of nutrients are applied, it will be difficult to sustain the yield of rice-wheat system in the long-run.
(ii) Poor Efficiency of Applied Fertiliser
Consumption of fertiliser in Pakistan has substantially increased overtime. However, crop yields have not increased proportionately indicating poor fertiliser use efficiency. Empirical work shows that nitrogen use efficiency for rice varies from 25 percent to 80 percent depending upon farmers practices and soil health, while the efficiency of phosphorous is 15 to 25 percent [Zia et al. (1992) ]. Efficiency of potash is observed about 80 percent under wet land rice, while the zinc is found deficient in 70 percent of the soils and its efficiency hardly exceeds 10 percent [Zia et al. (1992) ].
(iii) Imbalanced Use of Fertilisers
Imbalanced use of plant nutrients has also been one of the major causes of low productivity of most of the crops. The ratio of nitrogenous fertilisers to phosphatic fertilisers has improved from 8:1 to 4.27:1 over the period 1970 -1996 [Pakistan (1997 ]. This ratio needs to be further narrowed down to 1:1 in order to obtain higher yields.
(iv) Declining Soil Organic Matter
The major sources of organic matter are farm yard manure, green manures and crop residues. The use of farm yard manure is limited because dung is widely burnt as a source of fuel. As regards the crop residues, wheat straw and rice straw are used for feeding the animals. Further rice straw is also burnt as a source of fuel. Sesbania is one of the most suitable green manure for the wheat -rice rotation provided it is sown around May 20 and allowed to grow for 40 days; while, rice may be transplanted in 2nd week of July [Zia et al. (1992a) ]. Unfortunately, this practice is very limited.
Addition of nutrients to soil take place through fertilisers, farm yard manure, irrigation water, flood waters, flood silt, rain, etc. These nutrients are basically mined through crops, volatilisation, denitrification, leaching, water erosion, etc. Table 5 indicates very critical situation regarding the nutrient balance for all the provinces in Pakistan. Use of nutrients is more than the addition to the soil and the deficit is increasing over time in all the provinces. Exception is only of Punjab where deficit of nitrogen contents has declined over the years. Table 5 Provincial Nutrient Balances 1985-86 and 1995-96 (Kg/hac) 1985-86 1995-96 1985-86 1995-96 1985-86 1995-96 It is expected that most of our soils under various cropping systems will become still more deficient in major macro and micro nutrients unless appropriate measures are taken to avert this situation. The fertility status and physical condition of these systems can be improved by using green manure that will help in realising high yields of crops [Zia et al. (1992a) ]. Moreover, legumes also help sustain soil fertility through following ways: (1) potential to make substantial contribution to the nitrogen economy of the cropping system; (2) often exert favourable influence on several other soil fertility parameters through their extensive and deep root systems; (3) have ability to extract nutrients from deep soil layers; (4) utilise insoluble or fixed form of nutrients like phosphorous, and make them available to the succeeding crops; and (5) crops like sesbania and their incorporation improves physico-chemical properties of saline-alkali soils leading to increased growth and yields of subsequent crops [Ladha et al. (1996) ]. Legumes even save the use of nitrogenous fertilisers and also improve the soil health [Joshi (1996) ].
IV. SOIL COMPACTION
Soil compaction is caused by concentration of salts, ploughing at higher moisture levels, frequent use of tractors and implements, increased use of irrigation water and less use of animal and crop wastes. The loss of micro and macro pore spaces, as a result of compaction, reduces infiltration capacity, restricts gaseous exchange in soils and hinders most important biological activities that are essential for plants [Majeed (1989) ].
According to Chaudhry (1990) , there are three types of hard pans, that are plow pan, clay pan and sodic pan. A plow pan develops due to continuous ploughing at a shallow depth over years. Frequency of these ploughings with tractor varies from 4 to 5 times in fields of various crops [Ahmad et al. (1994) ]. Plow pan, that develops normally at a depth of 20 cm, restricts water movement and results in accumulation of salts carried with the irrigation water on the upper layer of the soil with the passage of time. As a consequence, plow pan reduce land productivity significantly. The experimental results show that breakage of plow pan using non-conventional tillage practices increases the yield by 5 to 20 percent of wheat sown after the harvest of Basmati 385 (Table 6 ). Moreover, incremental benefit cost ratio over the control show that the highest returns from the investment were obtained where chisel plow or M. B. plow was used along with other implements (Table 7) . 1 Sodic pan develops in sodic soils or through the use of brackish ground water for irrigation. Development of such a pan results in negligible permeability as the clay sediments seal the soil pores on their downward movement [Sabir et al. (n.d.) ]. Such a soil behaves like concrete. Results of breakage of such a pan with various treatments are presented in Tables 8 and 9 for wheat crop at a site in Faisalabad district. These results 1 Razzaq et al. (1993) conducted this study at adoptive research farm at Sheikhupura and farmer's fields. Trials were laid out on clay loam soils for wheat after the harvest of Basmati 385 on 10 similar sites with three replicates. Source: Razzaq et al. (1993) .
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37:4, 1006 show that the wheat yield was about 30 percent higher where gypsum was applied at the rate of 75 percent requirements compared with 50 percent requirements. Based on marginal analyses, option II (75 GR + subsoiler) appears most feasible for farmer's adoption. It promises a return of Rs 127 for every Rs 100 investment (Table 9 ).
V. SOIL EROSION
Land degradation is also caused by soil erosion. A considerable fertile area has already been abandoned as soil erosion has rendered it unproductive. About 4.8 million hectares are affected from wind erosion (Table 10) . Deserts of Thal, Cholistan, Thar and Kharan are the most affected ones [Rashid et al. (1998) ]. [Qureshi and Muhammed (n.d.) and Mian and Mirza (1993) ]. Water erosion depends on different factors like, nature of soil, density of vegetative cover, amount and intensity of rainfall. It is intensified by improper methods of cultivation, overgrazing, burning and activities of rodents. Water erosion can have significant adverse effects on soil productivity: Most of the organic matter and nutrients are present in the upper layers of soil that are mostly lost in the eroding water. Erosion also degrades the soil's structure and diminishes its water holding capacity [Naidu et al. (1998) ]. Results, though old, of a conservation project showed that the treated or reclaimed lands performed much better than the eroded land requiring conservation in terms of the use of various inputs, output per acre of various crops, gross and net income, etc. Table 11 indicates that the index of inputs use increased from 100 to 332. In terms of output the least increase was observed in case of wheat that was 123 percent and highest increase was observed in lentil, i.e., 382 percent. Per acre net income doubled on the reclaimed (treated) soils. Cropping intensity increased from 32 percent to 119 percent after reclaiming the soil. Another important result was that the proportionate area under grasses and trees increased from zero to 14 percent. 
VI. CONCLUSION AND RESEARCHABLE AREAS
Land degradation is essentially a serious problem in Pakistan. Various forms of land degradation, i.e., water logging and salinity, nutrient depletion, soil compaction, soil erosion, etc., are resulting in inefficient use of various farm inputs and reduction in cropping and land use intensity, crop yields, farmer's income, employment, etc. Nevertheless there are still many aspects that need to be researched, which include: (1) Impact of different quality tubewell water on soil characteristics, input use efficiency, output of various crops and land use and cropping pattern; (2) Impact of use of city drainage water including industrial effluents on, resource productivity, quality of output, environmental hazards and farm income; (3) Economics of various drainage systems like tile drainage, surface drainage etc. at farm level; (4) Economics of improvement of drainage facilities and drainage effluent disposal; (5) Economics of use of brackish drainage effluent for agriculture and industry; (6) Factors responsible for the adoption of land reclamation technologies such as are Gypsum application, Sub-soiling, Green manuring, Farm yard manure applications, EM technology and other soil amendments; (7) Studies into the nutrient management on degraded soils which may include economics of alternative crop rotations on degraded soils in various zones, economics of use of macro, micro and trace nutrient elements under various cropping systems, determination of optimum N, P, K etc. ratios for various crops under varied crop ecological conditions and economics of green manuring; (8) Studies on the impact of various types of soil compaction on crop productivities and farm income; (9) Economics of soil conservation with special reference to watershed areas; (10) Economics of growing fruit plants in gullies in different ecological zones of rainfed areas; (11) Economics of gullied land development under different climatic conditions; and (12) Economics of growing of cover crops/legumes for moisture conservation.
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